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ABSTRACT 


A computer  cost  model  of  suppressive  shielding  structures 
has  been  constructed  and  is  presented  in  the  report.  This 
model  consists  of  design-aid  and  cost  estimation  programs 
which,  with  proper  inputs,  calculates  and  outputs  specific 
design  and  cost  variables  of  suppressive  structures.  Design 
variables  include  the  following:  venting  coefficient,  plas- 

tic bending  and  yield  moments  of  beams,  penetration  of  pri- 
mary fragments,  and  the  total  effective  thickness  of  plates. 
Cost  output  variables  include  : material,  fabrication, 

welding,  and  total,  costs  of  panels,  frame,  door,  and  founda- 
tion of  a cubical  suppressive  structure.  A description  of 
the  model  and  its  construction  details  are  reviewed  in  the 

report.  A user's  guide  which  includes  step  by  step  instruc- 

* 

tions  in  data  inputs  is  also  provided. 
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CHAPTER  I 


INTRODUCTION 

Suppressive  shielding  is  a relatively  new  concept  in 
safeguaring  personnel  and  property  in  case  of  an  accidental 
explosion  during  manufacturing,  transporting,  and  storing 
of  explosives.  

A suppressive  structure  (sometimes  called  a suppressive 
shield)  is  an  enclosure  of  a hazardous  operation  so  that  if 
an  accidental  explosion  occurs,  primary  damage  will  be  to 
the  enclosed  space.  It  can  also  be  used  in  storing  or 
transporting  ammunitions  and  explosives  of  various  strengths. 

Conventional  safeguarding  of  hazardous  operations  and 
ammunitions  is  through  the  use  of  concrete  barriers.  These 
barriers  can  either  be  barricades  or  cubical  - types  structures 

V 

where  one  or  more  sides  and/or  the  roof  of  the  structures  are 
of  frangible  construction  or  open  to  atmosphere.  The  design 
o onc6p"t  Oi  ijI'iCsG  concjTctc  ^33.  i 31/3  1 3 "to  vcn'fc  cinci 

fragments  to  the  side(s)  where  minimum  damage  can  result  in 
the  event  of  an  accidental  explosion.  In  most  cases,  pres- 
sure and  fragments  resulting  from  explosions  causes  serious 
injuries  and  property  damage  due  to  the  presence  of  unpro- 
tected sides  that  are  of  frangible  construction  or  open  to  the 
atmosphere.  Suppressive  structures,  on  the  other  hand,  pro- 
vide more  complete  protection  than  concrete  barriers. 

Their  usual  design  is  to  contain  all  primary  fragments 
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inside  the  structure  and  to  allow  controlled  venting  of 
blast  -pres sure  resulting  from  an  explosion. 

Most  suppressive  structures  basically  consist  of  four 
major  structural  components:  frame,  pane?.,  door,  and 

foundation.  Except  for  the  foundation  which  is  made  of 
reinforced  concrete,  all  the  other  parts  are  made  from 
structural  steel.  Primary  fragments  are  to  be  stopped  by 
thickness  of  the  steel.  Pressure  venting  is  done  by  using 
perforated  plates  and  air  spaces  between  structural  elements 
such  as  angle  bars,  VJ  beams,  pipes,  etc.  (see  Appendix  3) 

The  economic  value  of  suppressive  structures  must  be 
determined  before  they  can  replace  the  concrete  barriers. 

An  economic  feasibility  analysis  was  conducted  by  the  U.S, 
Army  Material  Systems  Analysis  Agency  at  Aberdeen  Proving 

Ground  in  June  1972J'  (!)*«  This  study  distinguished  the 

* 

effects  of  different  levels  of  protection  and  inherent 
differences  in  costs  between  suppressive  structures  and 
concrete  wall  structures.  Saving-to-investment  ratios 
(S/l)  are  computed  in  this  study  upon  foregoing  walls  and 
installing  suppressive  walls  for  the  modernisation  of  105mm 
melt-pour  complex  at  the  Lone  Star  Army  Ammunition  FI ant . 
Results  of  this  study  indicated  that  suppressive  structures 
are  economically  more  attractive  than  concrete  barriers. 
Therefore,  it  is  recommended  that  the  technological 


Numbers  in  parenthesis  refer  to  numbered  references  in 
the  List  of  References. 
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development  of  suppressive  structures  should  he  continued 
and  that  value  engineering  of  suppressive  structures  should 
be  accomplished  concurrent  with  testing  of  suppressive 
structures . 

Value  engineering  is  the  systematic  application  of 
recognized  techniques  which  identify  the  function  of  a 
product  or  service,  establish  a monetary  value  for  that 
function,  and  provide  the  necessary  function  reliably  at 
the  lowest  overall  cost  (2).  The  most  opportune  time  to 
apply  value  engineering  is  during  research  and  development 
so  that  any  cost  savings  can  be  realized  throughout  the 
complete  life  cycle  of  the  end  product  (3). 

The  basic  objectives  in  applying  value  engineering 
during  research  and  development  are  to  reduce  the  high  cost 

of  development,  the  subsequent  cost  of  production,  and  the 

* 

consequent  costs  related  to  operation  and  maintenance  (3)« 
Since  suppressive  structures  are  still  in  the  development 
stage,  now  is  the  best  time  for  the  application  of  vabue 
engineering. 

Research  work  in  this  area  has  been  conducted  and  the 
groundwork  for  value  engineering  in  development  of  suppressive 
structures  was  reported  (3)-  This  research  project,  as 
part  of  the  value  engineering  study  for  suppressive  struc- 
tures, has  been  introduced  in  reference  3 earlier.  The 
objective  of  this  research  project  and  its  role  in  value 
engineering  of  suppressive  structure  will  be  discussed  in 
Chapter  II. 
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C H A P TER  IT 


A COST  MODEL  FOR  SUPPRESSIVE  STRUCTURES 
The  importance  of  value  engineering  in  the  development 
stage  of  suppressive  structures  has  been  mentioned.  A cost 
model  is  developed  to  serve  as  an  important  base  of  the 
value  engineering  study  for  a suppressive  structure.  This 
cost  model  consists  of  functional  requirement  parameters, 
material  parameters,  geometric  parameters,  and  economic 
parameters . 

FUNCTIONAL  REQUIREMENT  PARAMETERS  (3) 

The  functional  requirement  parameters  in  a cost  model 
are  generally  specified  values  from  an  analysis  of  the  entire 
suppressive  structure  conducted  before  the  actual  design 
stage.  These  parameters  are  generated  from  the  four  basic 

requirements  i safety,  prevention  of'  mechanical  failure, 

* 

environment  and  logistic  support. 

The  primary  parameters  v/hich  are  associated  with  safety 
requirements  are  une  saie  uis^ance  and  pressure  from,  the 
explosive  charge  to  the  person,  structures,  and  equipment 
outside  the  suppressive  structure.  Other  parameters  such 
as  degree  of  fire,  chemical  effects,  etc.,  from  any  hazards 
produced  by  an  explosion  will  also  be  considered. 

The  plastic  yield  strength  of  structural  members  and 
penetration  of  fragments  arc  the  basic  design  parameters 
v/hich  relate  to  the  fracture  failure  mode. 

Temperature,  humidity,  noise,  and  degree  of  ventilation 
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are  required  environmental  parameters. 

Time  "between  inspections,  maintenance  time  (painting, 
joining),  etc.,  are  logistic  support  parameters. 

These  functional  requirement  parameters  are  primarily 
influenced  by  factors  external  to  the  structure,  and, 
depending  on  which  particular  structure  and  its  application, 
these  parameters  can  possibly  be  dependent  upon  each  other. 
GEOlOiPRTC  PARAMETERS  (3) 

Geometric  parameters  of  the  cost  model  include  the 
f ollowings 

1.  Geometric  dimensions  from  selected  configurations 
of  steel  angles,  Z beams,  W beams,  tubes  and  panels  which 
consist  of  single,  stiffened,  multibay  and  yawed  shapes. 

2.  Geometric  dimensions  of  frame,  foundation  and 

supporting  structures  such  as  doors,  etc. 

* 

3.  Spacing  between  panels,  size  and  distribution  of 
holes  in  panels,  etc.  The  geometry  of  an  element  of 
suppressive  structures  can  always  be  uniquely  defined  by 
specifying  certain  independent  geometric  parameters. 
MATERIAL  PARAMETERS  (3) 

Weight,  density,  yield  strength,  ultimate  strength, 
elastic  modulus,  Poisson's  ratio,  toughness,  unit  cost,  and 
temperature  coefficient  may  be  considered  as  the  important 
material  parameters . In  conducting  a design  study,  the 
selection  of  a material  for  a structual  element  will  be,  in 
general,  based  primarily  on  the  material  parameters  which 
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are  explicitly  defined,  'these  parameters  are  mostly 
dependent  on  each  other  and  on  chemical  and  physical 
structures  in  available  materials. 

ECONOMIC  PARAMETERS  (3) 

The  economic  parameters  for  a suppressive  shield  in- 
clude the  following: 

1.  The  cost  of  structural  steel  shapes  at  the  fabrica- 
tion shop.  The  base  price  of  the  shapes  varies  with  prices 
charged  by  the  mills  according  to  the  size,  weight,  shape, 
quantity  of  steel  required,  and  the  cost  of  transporting  the 
steel  to  the  shop. 

2.  The  cost  of  preparing  drawings  for  use  by  the  shop 

in  fabricating  the  steel.  The  total  cost  of  the  drawings 

is  charged  to  the  steel  supplied  for  a job.  The  cost  per 

unit  weight  of  steel  will  vary  with  the  total  cost  of 
♦ 

drawings  and  the  quantity  of  steel  supplied. 

3.  The  cost  of  handling  and  fabricating  the  steel 
shapes  into  finished  members.  It  will  vary  considerably 
with  the  operation  performed,  the  sizes  and  shapes  of  the 
members,  and  the  extent  to  which  the  operations  are  dupli- 
cated on  similar  members.  For  welded  connections,  the 
fabricating  operations  may  include  cutting,  some  punching 
for  temporary  bolt  connections,  milling,  beveling,  and  shop 
welding. 

4.  The  cost  of  shop  painting,  if  required.  The 
approximate  costs  of  applying  a coat  of  paint  to  structural 


steel  for  various  types  of  members  and  structures  and  of  the 
labor  are  included. 

5.  The  cost  of  shop  overhead,  sales,  and  profits. 

6.  The  cost  of  transporting  structual  steel.  It  will 
vary  with  the  quantity  of  steel,  the  method  of  transporting, 
and  the  distance  from  the  shop  to  the  job  site. 

7.  The  cost  of. erection,  including  equipment,  labor, 
bolts,  rivets,  or  welding. 

8.  The  cost  of  field  painting  the  steel  structure. 

9-  The  cost  cf  job  overhead,  general  overhead, 

insurance,  taxes,  and  applications. 

THE  COST  EQUATION 


The  cost  parameters  described  above  are  closely  related 


to  design  variables  anc’  parameters  of  a suppressive  shield, 


With  these^  costs  parameters,  a cost  equation  (3)  is  given  as 


below: 

Cost  ($)  a f 


(Functional 
requirement 
parameters 


/ Geometric 
1 parameters 


( 

VJ 


Material  \ 
parameters  ) 


(Economic 
parameters 


This  equation  is  used  as  the  design-aid  and  cost 
estimate  model  in  this  report.  The  design-aid  portion  of 
this  model  will  include  most  parameters  of  the  functional 
requirement  parameters,  the  material  parameters,  and  the 
geometric  parameters  while  the  cost  estimate  portion  handles 
the  economic  parameters  cf  the  cost  equation. 
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THIS  FODFL 

The  computerized  model  can  be  separated  into  two  parts, 
i.e.,  the  v esign-aid  model  and  the  cost  estimate  model. 

Figure  1 is  a flow  chart  of  the  use  of  the  model  (3)* 

According  to  a specific  suppressive  shielding  application, 
some  application  requirements  are  established  and  a donor 
system  can  be  prescribed.  From  this  donor  system,  weight 
and  speed  of  primary  fragments  (4,5,6),  blast  pressure  load- 
ing (4,5,6),  and  venting  requirements  (4,5)  are  obtained. 

A suppressive  shielding  structure  is  designed  and  its 
structural  elements  are  checked  against  their  response  to 
dynamic  loading  and  functional  design  requirements.  Detailed 
evaluations  of  the  technical  requirements  are  made  and  their 
effect  on  total  performance  is  determined.  Through  design 

review  some  design  alternatives  arc  chosen,  the  evaluation 

* 

of  alternatives  and  cost  effectiveness  analysis  are  followed 
to  produce  a cost  effective  suppressive  shield  (3)- 

The  objective  of  the  design-aid  model  (a  computer  aided 
design  of  a suppressive  structure)  is  to  assist  the  designer 
of  a suppressive  structure  by  rapidly  changing  quantities 
of  various  design  variables  and  parameters  in  order  to 
achieve  an  economic  design  and  to  satisfy  design  requirements. 
Rather  than  manually  calculating  various  design  variables 
and  parameters,  existing  design  equations  are  programmed  in 
a computer  language  and  results  arc  obtained. 

The  same  approach  is  proposed  for  the  cost  estimation 


FIGURE  1 - A COST  MODEL  OF  SUPPRESS! VI;  STRUCTURES 
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of  suppressive  structures.  The  conventional  method  of  cost 
estimation  is  a mostly  manual  method.  Such  cost  estimating 
processes  are  "being  used  in  estimating  costs  of  various 
suppressive  structures  (7,  8,  9 & 10) . This  process  (3)  is* 

1,  According  to  the  drav/ings  ("blue  prints)  of  a 
suppressive  structure,  its  major  components,  i.e.,  panel, 
door,  frame,  and  foundation  are  formed.  All  structural 
elements  of  each  substructure  together  with  their  materials, 
major  characteristics  and  geometric  dimensions  are  listed  on 
a table.  The  primary  measuring  quantities  associated  v/ith 
these  elements  are  dimensions,  volume,  material  density,  and 
weight  from  which  the  material  cost  can  be  priced. 

2.  The  manufacturing  costs  related  to  making  structural 
elements  arc  estimated  from  suggested  manufacturing  processes 

of  each  structural  element  by  reliable  sources  and  references 

* 

(11,  12,  13*  14).  The  most  important  quantities  in  esti- 
mating manufacturing  costs  are  processing  time,  and  use  of 
equ ipuient . These  costs  are  obtained  from  experienced  per- 
sonnel and  some  reliable  references  for  each  measuring 
quantity . 

Making  use  of  the  similarities  between  suppressive 
structures,  a programmed  cost  estimate  model  is  developed 
based  on  the  cost  information  obtained  from  the  results  of 
the  conventional  method.  This  cost  estimate  model  is 


combined  with  the  design-aid  mode],  to  form  the  general  . 
value  cost  model  for  suppressive  structures.  This  model 


u 


serves  as  an  important  tool  for  a value  engineering  study. 
Hopefully,  through  the  use  of  this  model,  the  designers  of 
suppressive  structures  can  save  some  of  their  valuable  time 
for  decision  making  rather  than  performing  repeated  manual 
calculation  of  cost  and  design  quantities. 

MODEL  TESTING 

The  validity  of  a computer  model  must  be  tested  before 
it  can  be  used  confidently.  Testing  can  be  done  by  comparing 
results  computed  by  use  of  the  model  to  existing  data.  The 
design-aid  model  and  the  cost  estimate  mode]  were  tested 
seperately  against  design  and  cost  estimate  results  of  the 
Categories  III  and  IV  suppressive  shields  obtained  from 
references  9.  16  and  17.  A.  comparison  of  computer  model 
results  and  analytic  results  are  shov/n  in  table  1 for  the 

design-aid  model,  and  table  2 for  the  cost  estimate  model. 

* 

Result  of  comparison  shows  that  the  model  outputs  are,  in 
most  cases,  in  excellent  agreement  with  analytic  data. 


DESIGN-AID  NODE! 
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COST  MODEL 


CATEGORY  TV 


ELEMENT 

PARAMETERS 

Panel 

Material 

VJeld.ing 

Fabrication 

Boor 

Material 

Welding 

Fabrication 

Frame 

Material 

Welding 

Fabrication 

Foundation 

Material 

Fabrication 

Whole 

Structure 

Material 

Welding 

Fabrication 

* 

GRAND  TOTAL 

ESTIMATED 

COMPUTER  MODEL 

VALUES  <$) 

VALUES  (3) 

14508 

14577 

22540 

I6908 

7714 

5685 

1340 

1350 

1293 

1566 

291 

526 

6381 

6501 

2034 

7541 

1578 

2535 

314 

343 

100 

33 

22554 

22772 

25867 

26018 

9684 

8881 

58106 

57672 

TABLE  II,  COMPARISON  OF  COST  ESTIMATING  FOR 
CATOGORY  IV  SUPPRESS I FE  STRUCTURE 


CHAPTER  III 
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MODEL  DESCRIPTION 

The  computer  model  is  formed  by  a main  program  and  ten 
subroutines  written  in  FORTRAN  TV  computer  language  (see 
Appendix  A) . The  main  program  contains  the  input  and  the 
output  portions  of  the  model.  It  coordinates  the  proper 
sequence  of  calculations  by  calling  the  appropriate  sub- 
routines* The  proper  sequence  of  calculations  the  program 
will  execute  depends  on  the  options  specified.  The  three 
options  in  the  model  are  described  below.  Necessary  inputs 
of  each  option  and  their  formats  are  discussed  in  Chapter  IV . 
OPTIONS 
A.  OPTION  #1 

This  option  will  print  a list  of  VJ  beams,  angle  bars, 

% 

and  steel  pipes,  designated  by  beam  type  numbers  1,  2,  and  3 
(see  figures  3,  4 and  5)*  These  beams  are  tested  in  the 
model  so  that  ail  the  beams  on  the  list  are  strong  enough  to 
withstand  input  pressure  loading.  These  beams  that  are  listed 
arc  standrd  size  beams  selected  from  reference  15.  The 
advantages  of  using  standard  size  beams  in  steel  construction 
are  that  they  are  readily  available  and  are  more  economical 
than  non-standard  size  beams,  b'ith  the  list  provided  by 
this  option,  the  designer  can  choose  the  beam(s)  after 
reviewing  the  economical  and  technical  aspects  of  its  usage 
in  a suppressive  structure. 
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The  computer  procedures  for  option  number  1 are  sum- 
marized as  follows: 

1 . A deck  of  data  cards  containing  demensions  for 
standard  sized  beams  are  inputted  and  stored. 

2.  Required  inputs  are  read. 

3.  Plastic  yield  moment  and  plastic  bending  moment  of 
each  beam  are  calculated  and  compared  (see  description  of 
subroutine  LMDSN  on  page 

4.  The  beams  whose  plastic  yield  moment  is  greater  than 
or  equal  to  its  plastic  bending  moment  are  listed, 

B . OPTION  ip. 

This  option  is  used  when  direct  cost  estimation  of  a 
cubical  suppressive  structure  is  desired.  Required  inputs 
are  the  overall  dimensions  of  the  structure  to  be  estimated, 

type  of  panel  configuration  of  the  structure,  and  cost 

♦ 

parameters  associated  with  each  type  of  panel  configuration. 
Cost  quantities  that  will  be  calculated  are  listed  below i 

1.  Material  cost,  fabrication  cost,  and  welding  cost 
for  each  component,  i.e.  fr-ame , panel,  door,  and  foundation. 

2.  Total  material  cost,  total  welding  cost,  and  total 
fabrication  cost. 

3-  Total  frame  cost,  total  panel  cost,  total  door  cost, 
total  foundation  cost,  and  total  cost. 

These  cost  quantities  are  calculated  by  the  cost 
estimate  model  to  be  described  later  in  this  chapter. 


±6 


C.  OPTION  -//3 

This  option  includes  loth  suppressive  shielding  panel 
design  and  cost  estimation.  The  design-aid  model  is  first 
used  to  calculate  design  parameters  such  as  venting  coeffi- 
cient (effective  venting  area  ratio) , plastic  yield  moment 
and  plastic  bending  moment  of  beams,  effective  thickness  of 
perforated  plates  required  for  both  the  quasi-static  pressure 
and  the  impulsive  pressure,  and  length  of  fragment  penetra- 
tion. These  values  are  then  used  as  inputs  to  the  cost 
estimation  model  for  cost  estimation  of  the  same  coot  quan- 
tities described  in  option  #2. 

Steps  and  calculation  executed  in  this  option  are  as 
follows! 

1.  Bead  the  required  input  quantities. 

r 

2.  Calculate  venting  coefficient  required  (call  sub- 
routine  VENT) . 

3*  Calculate  and  compare  plastic  yield  moment  and 
plastic  bending  moment  of  beams  (call  subroutine  BMDSN) . 

4.  Calculate  effective  thickness  of  perforated  plates 
required  and  number  of  holes  required  for  proper  pressure 
venting  (call  subroutine  FLDSN) . 

5-  Calculate  length  of  fragment  penetration  in  steel 
(call  subroutine  I'RGPN) . 

6.  Set  total  thickness  of  perforated  plates  to  the 
larger  of  effective  thickness  of  perforated  plates  from 
step  4 and  length  of  fragment  penetration  calculated  in 
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step  5- 

7.  Calculate  thickness  of  each  perforated  plate. 

0.  Estimate  cost  of  structure  using  quantities  from 
steps  1,  2,  3 ahu  7 ( call  subroutine  CO STM) . 

Four  types  of  panel  configurations  are  programmed  for 
use  in  options  #2  and.  jf 3 (see  figure  2).  They  are  made  of 
combinations  of  fragment  stopping  and  pressure  venting  el- 
ements such  as  angle  bars,  If  beams,  pipes , and  perforated 
plates. 

Subroutines  in  the  model  are  constructed  for  calculation 
of  design  and  cost  variables.  They  can  be  divided  into  tv/o 
groups:  The  design-aid  subroutines  and  the  cost  estimate 

subroutines.  The  design-aid  subroutines  arc  coordinated  by 
the  main  program  to  form  the  design-aid  model.  The  cost 

estimate  subroutines  themselves  constitutes  the  cost  estimate 

* 

model . 

The  design-aid  subroutines  include:  BjYiDSIi  (beam  design) 

PLDSN  (plate  design),  VENT  (venting),  FRGPN  (fragment  pene- 
tration), and  R'iTGL  (root  of  polynomials)  . Except  for  the 
subroutine  KTPOL  which  is  adopted  from  the  scientific  sub- 
routine package  of  the  IBM  1130  computer,  all  the  ether 
design-aid  subroutines  are  developed  from  design  equations 
obtained  primarily  from  reference  4 and  20. 

The  cost  estimate  subroutines  are:  CO STM  (cost  model), 


FRAME  (frame  costs), 


PANEL  (panel  costs),  DOOR  (door  costs), 


and  FNDTIi  (foundation  costs),  Those  subroutines  are  based 


land  Confix  rat  ion  i'l  - Angles,  Plate,  Plate,  Angle 

Plate. 


Panel  Configuration  >7' 2 - Angles,  Plate,  Plate,  Plate 


Panel  Configuration  #3  - V;  Beams,  V.’  Beams 


Panel  Configuration  • i/4  - Pipes,  Pipes 


FIGURE  2 


PANEL  C 01IP1G U RATIONS 
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on  estimates  obtained  fro..',  reference  6. 
THE  DESIGN-AID  SUBROUTINES 
A.  SUBROUTINE  BKDSN 


This  subroutine  calculates,  compares,  and  returns  the 
plastic  yield  moment  and  the  plastic  bending  moment  of  beams 
or  bars  of  a suppressive  panel.  An  error  cede  of  0 will  be 
returned  if  plastic  yield  moment  of  the  beam  is  larger  or 
equal  to  the  plastic  bending  moment  of  the  beam.  Otherwise 
an  error  code  of  1 will  be  returned.  Equations  for  calcu- 
lating plastic  bending  moment  (K  ) and  plastic  yield  moment 
(Mpy)  are  given  as  follows  * (It-)! 


ir2  b2  L2  Sf 


1611  ab  V.’q  /> 


- 1.05  x 41600.0  x 


U) 

(2) 


Three  types  of  beams  are  considered  in  this  subroutine. 
Their  dimensions  and  the  formula  (21)  for  their  moment  of 
inertia  (1^),  cross-sectional  area  (Aj>)  , and  section  modulus 
(Cj,)  are  shown  in  figures  3»  4 and  5-  The  correct  forrr,ula 


* All  symbols  used  in  equations  in  this  chapter  and  their 
corresponding  variable  name  used  in  the  model  are  listed  and 
explained  in  table  3- 
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SYMBOL 

A-n 


*Vin 


hole 


s 

■ f ■ • 


I''X1  J A.KATl  01'! 

Cross-section  area  of  beams 
Stacking  distance  between  beams 
Section  modulus  of  beams 
Total  venting  coefficient 
Venting  coefficient  per  plate 
Thickness  for  impulsive  loading 
Minimum  thickness  of  plates 
Effective  thickness  for  plates 
Impulsive  pressure 
Moment  of  inertia  of  beams 
Length  of  beam 
Weight  of  primary  fragment 
Weight  of  residual  fragment 

Plastic  bendi.ng  moment  of  beams 

* 

Plastic  yield  moment  of  beams 
Support  coefficent 
Number  of  plates  per  panel 
Number  of  hoi.es  on  plates 
Penetration  of  fragments 
Quasi-static  pressure 
Side  on  safety  pressure 
Mass  density  of  steel  - 


MODEL  NAME 
AREA 
B 


c 

in 

VCOEF 

VC  PPL 

in 

HMAX 

in 

HEFF 

in 

A I 

psi-c 

MINT  A 

. 4 
m 

BEAML , 

L in 

WPPAG 

lb. 

VJRFAG 

lb. 

MOM  TP 

in-lb 

MOM  NT 

in-lb 

SCOEF 

NOP 

NHQLE 

PERTH 

in 

PQ 

psi 

PSON 

psi 

.DNSTYM 

lb.  -sec. , 

TABLE  111.  SYMBOLS  FOR  EQUATIONS 
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SYMBOL 

EY i LARAV I OR 

i/IODEL  HAKE 

L)'i  MENS  I ON 

R 

S -Cty 

distance  to  personnel 

R 

Ft. 

*•« 

o.  ■ 

4- 

Safety 

factor 

SF 

Vf 

Velocity  of  primary  fragment 

VPFAG 

it/ sec 

Vr 

Residual  velocity  of  fragment 

VRFAG 

ft/sec 

VJo 

Center 

deflection  of  Learn 

VJO 

in 

V!c 

Vi  eight 

of  charge 

V1GTCH 

lb. 

X 

1 ength 

of  suppressive  shield 

LGS 

ft. 

Y 

Height 

of  suppressive  shield 

HSS 

ft. 

CV 

Yield 

strength  of  steel 

YS 

psi 

T A ISLE  III.  SYMLQLN  FOR  EQUAT]  ON5  (CONTINUED) 


hw  - (h-t) 


(0.70711)  ' — (h3t  + wt3) 

W 

1 .414 


FJOU)!K  h - TYPE  IT  rai/vK  - 


ANGLE  UAH 


3.1416 


h4  - (h~2t)4 


64 

h 


2 


FI  CURE  5 


- tyit:  itt  v,y.m  - r ipe 


for  1-g,  Ag,  and  will  be  used  when  type  of  beam  is 
specified . 

The  symbol  b,  in  equation  1 stands  for  the  stacking 
distance  between  two  panel  beams  (see  figures  6,  7,  and  8). 

It  is  related  to  the  venting  area  ratio  (e  ) and  the  demension 
of  the  beam.  Formulas  are  found  for  all  three  types  of  beams 


(5.19)  ■ 

1.  Type  1 - I beams  (figure  6) 

b = a + 1. 


a 


Substituting  equation  4 into  3 

b = 2 epb  + 1. 

Solving  for  b 
1 

b . 

1 -2e 

P 

* 

2.  Type  II  - Angle  bars  (figure  ?) 
b = 1.414  (t  + a). 


Combining  equations  ? and  8 

b = 1.414  t + 1 .414  e b . 

V 

Solving  for  b 

1 .414  t 

b . 

■ 1.  - 1,414  e 


(3) 

(4) 


(6) 

(7) 

(8) 


(9) 

(10) 


; Ms® - ■»  - 


'•=X-***-**—« I'.*..--  't-'TilllltlillMfr., 


3.  Type  TH-  riper,  (figure  8) 
o. 

e_  = . 


b = d0  + a . 

Combining  equations  11  and  12 1 

b = d + b e^ 
o p 

do 


(11) 

(12) 

(13) 

(14) 


Tj 


B . SUBROUTINE  PLDSN 

Minimum  effective  thickness  of  perforated  plates 
required  to  withstand  blast  pressure  loading  and  number  of 
holes  necessary  for  pressure  venting  requirement  are  the 
output  va.riables. 

Minimum  effective  thickness  (h__)  is  obtained  by  first 

*-P 

calculating  thickness  for  both  impulsive  pressure  loading 
(hd)  and  thickness  for  quasi-static  loading  (h  ) . A 
relationship  for  hd  is  given  as  below  (20): 


f ir  x 

L(xfl 

2 / xVM°) 

Whd  2 

J 2 II 

L WJ 

• 1 * 1 J 1 1 

\ V U \ Y 1 \ hd  / 

fil  IT8 


i 6n 


1 + 


W 


■ (15) 


Equation  15  can  be  simplified  to: 
Ahd3  + Bhd2  - C = 0 


(16) 


JL 


M-l 


2 N 


X 


,2! 


1 


•f 


J 3 


X 


Y 


VJ 


of  <Tv- 
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Roots  of  equation  16  arc  found  by  using  subroutine 

R'i'POL,  Thickness  for  impulsive  loading  (h^)  is  set  equal 

to  the  largest  positive  root  calculated  by  RTPOL. 

As  for  h , it  can  be  found  from  the  following  equation 
'"■i 

(20): 


Solving 
Dhq2  + 
Where 


for  hq,  equation  17  becomes: 
E hq  + F = 0 


(17) 

(18) 


The  roots  of  quadratic  equation  18  are: 


hql,2  = 


- E ± /■;<?-  - 4DP 


2D 


(19) 


V! e want  to  be  the  largest  positive  root.  Therefore: 


- E + 


J¥ 


4DF 


h. 


(20) 


2D 


After  both  and  h are  calculated  using  equations  16 
and  20,  minimum  total  thickness  of  panel  plates  (h  i ) is 
then  set  equal  to  the  larger  of  and  h . 


hmin  = max 


[ha  • \] 


(2i: 


To  compensate  for  the  effect  of  venting  space  on  per- 
forated elates  h (minimum  effective  thickness  of  each 

1 ~ ~ . Cp 

perforated  plates)  is  found  by  (5) 
h. 


hmin 


ep 


n (1  - ep) 


(22] 


Number  of  holes  required  for  each  perforated  plate  is 

* 

calculated  by  dividing  venting  area  by  area  of  holes: 


N 


hole 


K e 

T-.  T\ 

__JJ fc_ 

A, 


(23 


hole 

C . SUBROUTINE  VENT 


The  venting  coefficient  (e)  i?  calculated  and  returned 
in  this  subroutine.  "e"  is  the  total  venting  coefficient 
for  all  perforated  pleitcs  or  beams.  For  venting  coefficient 
of  each  individual  plate,  the  following  formula  is  used  (5)s 
1111 

= — — + — ■ — + + (24) 


e 


3? 


And  for  n plates 

1 n 


°P 

And  therefore: 


ep  = ne  * 


Relationship  for  "e"  is  given  "by  (4): 


F„  = 9?6 . 3 


K 2/3  el/2 
c 


r3/2  x1/2 


(25) 


(26) 


(27) 


Solving  for  "e",  equation  27  yields: 


P_  R 


3/2  xl/2 


e = 


976,3  VJ. 


(28) 


The  following  constraints  arc  imposed  on  equations  (27) 


and  ( 28 ) • 


0 .0263  ~ e — O.60. 

X 

0 . 323  & — fe  1.77. 
. . R 


4.27  ± 


R 


, 1/3 


t 17.5 


( 29a) 
(29b) 

(29c) 


VJ 


These  limits  are  checked  in  the  subroutine  anu  if  they 
are  exceeded,  corresponding  error  messages  will  be  returned. 
For  design  purposes,  "e"  is  set  equal  to  0.0263  if  its  value 
is  less  than  0.0263  and  is  set  equal  to  0.6  if  its  value  is 
gros ter  than  0,6. 

D . SUBROUTINE  FRGPN 

With  weight  and  velocity  of  primary  fragments  as  input 
variables,  depth  of  fragment  penetration  in  steel  is  calcu- 
lated. It  is  the  thickness  of  steel  that  would  bo  necessary 
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to  stop  penetration  of  primary  fragments,  'i'ho  equation  used  in 
its  calculation  is  (5): 

1/3 


P = 0.112  It 


v V3 

f 


1000 

This  subroutine  is  also  programmed  to  return  residual 
velocity  (V  ) and  residual  weight  of  fragment  (Mr)  if  the 
thickness  of  steel  target  is  specified.  The  value  of  the 
residual  fragment  velocity  will  be  negative  if  the  target 
thickness  is  thicker  than  required.  Formula  for  these  two 
quantities  are  given  as  (5)j 


(30) 


log 


-'10 


(Mf  - Mr) 


U 

a +12 

° £i 


ai  loSl0  xi 


£ 


lo%0  ^Vf  " VP  *0  + . bj  loe10  Xj 

Where'  = Thickness  of  steel  target, 

X2  - Weight  of  primary  fragment. 

Xy  = Secant  of  angle  between  direction  of 
fragment  and  normal  of  the  tai-aet. 


(3D 


(32) 


X4  = Velocity  of  primary  gragrnent. 


And 


ao  •■=  -2.2776  ? 

Lo  = 3-9066  ; 

= 0.2885  J 

b1  = 0.9696  ? 

- 0.91A5  ; 

bg  — -0 , 7603  > 

a3"~-  0.1958  ; 

b^  1.2862  ; 

a4  = 0 . 6394  j 

b4  - O.1929  • 

34 


COST 


A. 


Upon 

solving  for  Iir  and  V , equations  31 

and  32  become; 

(aQ  + il  ai  log1Q  X±) 

I-V  = 

Mf  - 10  1”1 

h 

(33) 

V = 

(b0  + JZ  b losio  xj) 
V.  - 10  j"1 

(3'+) 

r 

1 

ESI  11 

1ATE  SUBROUTINES 

SUBROUTINE  COSTi.I 


This  subroutine  and  the  other  cost  subroutines  cons- 
titutes the  cost  estimate  mode^.  It  calls  the  other  four 
cost  subroutines  (FRAME,  DOOR,  PANEL,  and  F'HDTN)  for  material 
cost,  welding  cost,  and  fabrication  cost  of  each  of  the  four 
components  of  a cubical  suppressive  shield.  With  these  cost 
quantities,  it  computes  values  for  total  welding  cost,  total 
material  cost,  total  fabrication  cost, total  cost  of  door, 
total  cost^ of  frame,  total  cost  of  panels,  tota3  cost  of 
foundation,  and  total  cost  of  structure  (grand  total) . 

The  cost  estimate  model  is  developed  for  cubical 
suppressive  structures.  Category  IV  suppressive  shield r> 
represent  a typical  type  of  cubical  suppressive  structure  with 
well  defined  features.  Therefore,  it  is  used  as  a base  for 
the  construction  of  the  cost  estimate  model. 


A few  assumptions  arc  made  upon  the  construction  of  the 
cost  estimate  model > ■'  A ■>.  ••  ...... 

1.  All  structures  have  the  same  basic  structural 
components  as  the  Category  IV  suppressive  shield. 

2.  All  dimensions  of  structural  components  varies 
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linearly  with  the  overall  dimensions  of  the  suppressive 
structures . 

3.  Fabrication  cost  and  welding  cost  of  structure  are 
linearly  related  to  the  material  cost  of  structure. 

According  to  a cost  estimate  of  a Category  IV  suppressive 
shield  (9),  2,6/  is  a reasonable  figure  for  average  cost  per 
lb.  of  steel  of  structure  which  includes  such  cost  items  as 
base  price  at  mill,  extras  and  delivery  to  shop,  drafting; 
shop  coat  paint,  trucking  to  job  site,  erect  and  plumb,  crane 
and  minor  errection  equipment,  and  a field  coat  paint.  This 
figure  does  not  include  welding  cost  and  fabrication  cost 
cf  the  structure.  VJelding  cost  includes  cost  of  weld, 
welding  equipment,  and  labor  cost  for  welding.  Fabrication 
cost  is  the  cost  of  equipment  and  labor  for  cutting,  grinding, 

and  smoothing  of  structural  members  into  proper  shapes  and 

« 

sizes.  The  cost  estimate  (9)  showed  that  the  average  welding 
cost  and  the  average  fabrication  cost  (per  pound  of  steel) 
are  3M  an^  11^  respectively. 

In  the  cost  estimate  subroutines,  the  weight  of  each 
component  of  the  suppressive  structure  will  first  be  computed. 
Then  the  material  cost  of  each  component  are  determined  by: 

Material  cost  = height  of  structure  x Unit  cost  of  steel 

(35) 

....  whe.r.o  ....  .........  ......  . ;.  . . . v '•  . , ....  ... 

Uni  t cost  of  steel  ~ .?,(  per  pound. 

From  materia]  cost,  fabrication  cost  and  we] ding  cost 
of  each  component  can  be  calculated: 
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Fabrication  coat  = i.aterial  coat  x Fabrication  cost 

factor  (36) 

VJclding  cost  = Material  cost  x Welding  cost  factor  (3?) 


where 

$.11 

Fabrication  cost  factor  = =•  0.39*  (38) 

$.26 

and 

$.31 

Welding  cost  factor  = 1.16.  (39) 

$.26 

To  compensate  for  the  effects  of  inflation  and  other 
economic  factors  that  may  affect  the  cost  of  the  structure, 
values  for  unit  cost  of  steel,  fabrication  cost  factor,  and 
v/elding  cost  factor  can  be  changed  easily. 


Tj 
m * 
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This  subroutine  computes  and  returns  the  material  cost, 
the  fabrication  cost,  and  the  v/elding  cost  of  the  frame  of 

a cubical  suppressive  shield, 

% 

The  frame  of  a cubical  supjjressive  shield  consists 
mainly  of  W beams,  angle  bars,  and  plates.  Total  weight  of 
W beams  constitutes  approximately  49p  of  the  total  weight 
of  frame  (9) . Therefore,  if  we  can  estimate  the  weight  of 
Vi  beams,  then: 

Total  weight  of  frame  (lb)  = total  weight  of  W beams 

100 

x • (40) 

49 

Total  weight  of  W beams  is  directly  related  to  total 


volume  of  I.1  beams: 


Total  weight  of 


beams  = Total  volume  of  W beams 


x density  of  steel 


(41) 
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Density  of  steel  - 4-90  Ib/cu.  it.  (^2) 

Volume  of  VJ  beam  is  calculated  from  length  of  VJ  beam 

and  its  cross  sectional  area: 

Volume  of  VJ  beam  = Length  of  VJ  beam  x cross  section 

area.  ('+3) 

Fourteen  vertically  situated  VJ  beams  account  for  65.7$ 

of  total  length  of  all  VJ  beams  needed  (9).  Therefore,  total 

length  of  VJ  beams  can  be  calculated  by: 

100 

Total  length  of  VJ  beam  = 14  x — — - ■ — x Height  of  frame. 

65  • 7 

By  combining  equations  41,  43,  and  44,  we  have  the 
equation  for  the  total  weight  of  frame. 

Total  weight  of  frame  = 21.7  x Height  of  frame 

x Cross  sectional  area 


x Density  of  steel 
100 


(45) 


* .1.  .1.1.  2 ..  * 4-  , ,4-^  ,,vxr.  'JL'  '3  <-s  v\/l  "X  *~7  o 1 1 r<  w,  rl  *t'  r\ 
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calculate  material  cost,  welding  cost  and  fabrication  cost 
of  the  frame. 

C.  SUBROUTINE  PANEL 

This  subroutine  is  programmed  tc  return  material  cost, 
fabrication  cost,  and  welding  cost  of  all  the  panels  of  a 
suppressive  structure.  Four  types  of  parol  configurations 
are  also  programmed  to  be  consistent  with  the  design-aid 
model  ( s e e 1 i gu. re  7)  . 

Tot a]  weight  of  a panel  is  contributed  by  the  following 


groups  oi'  structural  elements: 

1 . Fragment  stopping  and  prc.'-urc  venting  elements  - Vi 
beams,  angles,  steel  pipes,  and  perforated  plates. 

2.  Channels. 

3.  Miscellaneous  items  - bars  and  plates. 

The  kind  of  fragment  stopping  and  pressure  venting 
elements  used  in  a panel  is  determined  by  the  panel  configura- 
tion chosen.  Two  channels  are  used  for  the  frame  of  a panel. 
Miscellaneous  items  such  as  lifting  eyes  and  reinforcement 
bars  are  needed  to  complete  the  panel. 

Miscellaneous  items  contribute  very  little  to  the  total 
weight  of  a panel.  It  only  amounts  to  about  13$  of  the  total 
weight  of  panel  (9).  For  an  estimate  of  its  weight , we  will 
consider  it  as  a percentage  of  the  weight  of  channel: 

Weight  of  miscellaneous  items 

. + = 2.8  x Weight  channel 

Weight  of  channel  (46) • 

Thus,  total  weight  of  channel  can  be  estimated  by: 

Total  weight  per  panel  = 2.8  x weight  of  channel 

+ weight  of  fragment  stopping  and 
pressure  venting  elements  (47)  . 

Weight  of  channel  is  computed  as  follows; 

Weight  of  channels  = Humber  of  channels 

x Length  of  each  channel 

■'  •'  x Cross  sectional  area  of  channel ' 

x Density  of  steel  . (48) 

A reasonable  estimate  of  cross  sectional  area  of  channel 
is  by  its  width; 


sectional  area  = 0 . 58  x Width  of  channel. 


(49) 
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Therefore,  equation  48  becomes*. 

Weight  of  channel  = Humber  of  channels 

x Length  of  channel  x 0,58 
x Width  of  channel 
x Dcnsith  of  steel  (50) 

v'herc 

Length  of  channel  = Height  of  panel. 

Width  of  channel  = Thickness  of  panel. 

Humber  of  channels  = 2 • 


Weight  of  fragment  stopping  and  pressure  venting  element 
(VJfp)  varies  with  the  typo  of  panel  configuration  specified! 
1.  Panel  configuration  #1 s 

Wfp  is  equal  to  the  sum  of  weight  of  angles  1, 
weight  of  angles  2,  and  weight  of  perforated  plates. 

l'-fp  " 4’ eight  of  angles  1 + Weight  of  angles  2 


r\  n rrVt  + /*\  -T  r\ v* -p av rs  + r* r»l  oth( 

i » 1 - J Jj*  l V.*  v j-  J.  W J-  l. J.  w H w t 


( m ) 


where 

Weight  of  angles  1 
'Weight  of  angles  2 


Number  of  angles  1 x Cross 
al  area  1 x Panel  length  x 
of  steel  . 

Number  of  angles  2 x Cross 


soction- 


Dcnsity 


(32) 

section- 


al 'area  2 x-  Panel ' length -x  Density 

(53) 


of  steel  . 


hO 

V'eighV  of  perforated  p] ates  = Humber  of  perforated  plates 

x Thickness  of  each  plate 
x Panel  height 
x.  Panel  length 
x Density  of  steel  . (5^) 

2.  Panel  configuration  #2; 

In  this  configuration,  VJ^.  equals  to  the  weight  of 
angles  plus  the  weight  of  perforated  plates. 

VJ^  = height  of  angles  + VJ eight  of  P.  plates  (55) 

where 

height  of  angles  = Number  of  angles 

x Cross  sectional  area 
x Panel  length 

x Density  of  steel  , (56) 

Number  of  angles  = Panel  height/b,  (57) 

* 

Number  of  perforated  plates  is  computed  using  equation  5^* 
3-  Panel  configuration  it 3: 

Only  VJ  beams  are  used  in  this  configuration.  There- 
fore, is  equal  to  the  weight  of  VJ  beams, 

= height  of'  VJ  beans 
= Number  of  VJ  beams  x Panel  length 

x Cross  sectional  area  of  \J  beam 
x Density  of  steel  , (5-0 

whore 


Number  of  V!  beams  = 2 (panel  heigh t/b)  - 1 . 


(59) 


in 


4,  Panel  configuration  *4s 

Two  rows  of  steel  pipes  of  the  same  size  are  used 
for  stopping  fragments  and  venting  pressure.  V.’^  for  this 
configuration  can  he  calculated  as  follows-. 

VJj  =’, VJ eight  of  pipes 

= Number  of  pipes  x Panel  length 

x Gross  sectional  area  of  pipe 
x Density  of  steel  (60). 


where 

Number  of  pipes  = 2 (panel  height/b)  - 1 . (6l). 

Mow,  total  weight  of  the  panel  can  be  computed  by  using 
equations  47,  50,  and  the  equations  of  Vi ^ for  all  four  types 
of  panel  configurations.  Welding  and  fabrication  cost  of 
panel  can  be  found  by  using  equations  35,  36,  .and  37 • 


D.  SUBROUTINE  DOOR 


This  subroutine  calculates  the  material  cost,  welding 
cost  and  fabrication  cost  of  a suppressive  door.  The  struc- 


ture of  a suppressive  door  is  basically  the  sea 


r*  in  /->  n c~>  o nonol 
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It  has  the  same  basic  elements?  fragment  stopping  and  pres- 
sure venting  elements, channels,  and  miscellaneous  items.  Due 
to  those  similarities,  equations  derived  for  panel  costs  are 
applicable  for  door  costs  also.  All  equations  for 
(equations  51  to  6 1)  y/ill  be  the.  same . with  panel  length  and 


panel  height  changed  to  door  length  and  door  height.  Extra 
channels  are  needed  for  the  door  edges, 
equation  for  weight  of  channel  becomes: 


Therefore,  the 


Weight  of  channel  - 2 (door  height  and  door  length) 

x 0.58 

x Door  thickness 

x Density  of  steel  . (62) 

Special  items  such  as  trolleys  and  trolley  tracks, 

changes  equation  46  to: 

Weight  of  miscellaneous  items 

+ = 2.04  x Weight  of  channel 

Weight  of  channel  (63). 

Thu  s 


Total  weight  of  door  = 


2.04  x Weight  of  channel 


Material  cost,  welding  cost,  and  fabrication  cost  of 
door  are  then  computed  using  equation  35.  36,  and  37 • 


E.  SUBROUTINE  Fh'DTII 


This  subroutine  is  used  to  estimate  material  cost,  weld- 
ing cost,  and  fabrication  cost  of  the  foundation  of  a cubical 
suppressive  shield.  Material  cost  includes  cost  of  concrete 
and  miscellaneous  items.  Cost  of  concrete  can  be  calculated 
from  the  total  volume  of  concrete  used: 

Cost  of  concrete  - Volume  of  concrete  x Unit  cost  of 

concrete.  (65) 

where 

Unit  cost  of  concrete  = $28.71  per  cu.  yd.  of  concrete. 

. . Volume  of  concrete  peeded  is  computed  by  given -length  .... 
of  foundation  (1^)  , width  of  foundation  (v.^.)  , and  height  of 
foundation  (h^)  . Figure  9 represents-  the  concrete  portion  of 
the  foundation  and  therefore: 


Volume  of  concrete  - (1^,  h^)  - (1^.  - Xt^.) 

x ( v.^.  - 2tf)  x (hf  - tf)  • (66) 

Coot  of  miscellaneous  items  approximately  equals  to  33;^ 
of  cost  of  concrete  (S’)-  Therefore: 

Total  mp.terial  cost  of  foundation  = 1.33  >'  Cost  of 

concrete ( 6?) , 

VJelding  cost  is  equal  to  zero  since  no  welding  is 
necessary.  Fabrication  cost  of  foundation  is  obtained  by 
using  equations  67  and  36. 
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C ii  A 1 T E R IV 
USER’S  GUIDE 

Required  data  to  be  inputted  by  the  user  are  listed 
below  for  all  of  the  three  options.  Input  procedures  for 
required  data  will  be  described  later  in  this  chapter. 
REQUIRED  1 1 -TUI'S 
A.  INPUTS  FOR  OPTION  # 1 

1.  Option  number  - equals  to  1 . 

2.  Length  of  suppressive  structure  - distance  between 
corner  vertical  II  beams  of  the  longer  side  (ft.). 

3.  Width  of  suppressive  structure  - distance  betv/een 
corner  vertical  Vi  beams  of  the  shorter  side  (ft.). 

4.  height  of  suppressive  structure  - distance*  between 
top  of  concrete  slab  and  the  lowest  roof  V beam. 

5.  Impulsive  pressure  i (psi-sec) . 

6.  Quasi. -static  pressure  p (psi)  . 

E.  INPUTS  FOR  Option  // 2 

1.  Option  number  - equals  to  2. 

2.  Length  of  suppressive  structure  (ft.). 

3 • V.'idth  of  suppi’osr.ive  structure  (ft,). 

-•••.  4-i  .Height  of  suppressive  •structure  ,{ ft  .)•■  ■ y. 


hC 


Other  inputs  for  this  option  depend  on  the  type  of  panel 
configuration  specified  in  ‘j . 

For  panel  configuration  ?fl  only: 

6,  Cross-sectional  area  of  angles  1 (sq,  ft.  ). 

7.  Cross-sectional  area  of  angles  2 ( sq . ft.). 

0.  Thickness  of  perforated  plates  (ft.). 

For  panel  coni  .uration  #2  only: 

6.  Cross-sectional  area  of  angles  (sq.  ft.), 

7.  Thickness  of  perforated  plates  (ft.). 

For  panel  configuration  >73  only: 

6.  Venting  coefficient  per  plate  (e^). 

?.  Cross-sectional  area  of  VJ  beams  (sq.  ft,). 

8.  Width  of  V,'  beams  (v;)  - see  figure  3 (ft.), 

For  panel  configuration  74  only: 

6.  Venting  coefficient  per  plate  (e  ). 

% J/ 

7.  Cross-sectional  area  of  steel  pipes  (sq.  ft.). 

8.  Outside  diameter  of  pipes  (dQ)  in  feet. 

C.  INPUTS  FOR  OPTIONS  >73 

1.  Option  number  - equals  to  3* 

2.  Length  of  suppressive  structure  (ft.). 


3.  Width  of  suppressive  structure  (ft.). 

4.  Hoigth  of  suppressive:  structure  (ft.). 
. . v 5 Impulsive  pressure. -i  (psi. -sec) , 

6.  Quasi-static  pressure  F (psi). 

7.  Side  on  safety  pressure  h„  (psi). 

8.  Safety  distance  to  personnel  R (ft.). 


ion 


thfl 


arc 
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9.  Vieight  of  explosive  charge  V.'c  (lb.). 

10.  height  of  primary  fragment  i.l^  (lb.). 

11.  Velocity  of  primary  fragment  V.,.  (ft. /sec). 

12.  'type  of  panel  configuration  - 1,  2,  3<  or  4 (see 
figure  2) . 

Other  inputs  are  determined  by  type  of  panel  configurat 


specified  in  12. 

For  panel  configuration  //l  only: 

13  * Height  of  angles  1 (h)-see  figure  4 (in.). 

14.  Viidth  of  angles  1 (v>)  -see  figure  4 (in.), 

15.  Thickness  of  angles  1 (t)-seo  figure  4 (in.). 
For  panel  conf iguration  #2  only: 


13. 


14. 


15. 


For 


13- 

14. 


Height  of  angles  (h) -see  figure  4 (in.), 
l.idtli  of  angles  (w)  -see  figure  4 (in.). 
Thickness  of  angles  (t)-see  figure  4 (in.), 
panel  configuration  #3  only: 

Height  of  Vi  beam  (h)-uce  figure  3 (in.). 


Viidth  of 
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15.  Thickness  of  Vi  beam  (t)-see  figure  3 (in.). 

For  panel  configuration  ;?4  only: 

13.  Height  of  pipe  (h)-see  figure  'j  (in.). 

It',  Vi idth  of  ; i ne  (v.’)-r.oc  figure  5 (in.). 
ul5.  •' Thickness  of  .pipe  (.tJ-ujee  figure  5 (.in.) . . , ;•  . 

:3L  V -h  O.l-'J 

) roj  or  input  procedures  for  data  when  using  the  lactic] 


c!  i sous  nod  in  this  section. 


Tiic  user  must  follov/  each 


step  carefully  to  avoid  mi  sheading  results  and  errors. 

Samp]  e input  forms  for  options  1 , ,/2,  and  j;: 3 are  shov;n 
in  figures  10  to  15*  Card  number,  card  columns,  and  descrip- 
tion of  the  input  variable  arc  given  in  the  input  forms. 

The  user  is  required  to  use  the  correct  input  form  for  the 
option  chosen  and  enters  the  numerical  values  for  the  input 
variables  in  blank  spaces  on  the  right.  The  user  should 
make  certain  that  the  numbers  entered  are  of  the  same  format 
(integer1  numbers  or  floating  point  numbers)  and  dimension  as 
specified.  Special  attention  must  be  given  v.'hcn  filling  out 
input  forms  for  options  p2  and  #3.  notice  that  there  are 
five  parts  of  each  input  form.  Part  A should  be  filled  out 
at  all  times  before  proceeding  to  other  parts,  farts  B,  C, 

D and  E are  used  for  additional  inputs  for  panel  configura- 
tions pi,  p2,  -;'/3,  and  ph  respectively.  After  completing 
part  A,  fill  out  the  part  that  corresponds  to  the  panel  con- 
figuration you  have  chosen,  numerical  values  entered  should 
be  chocked  after  the  completion  of  the  input  form. 

The  next  step  is  to  kcy-punch  data  cards  from  the  input 
form.  Numerical  values  for  input  variables  should  be  key- 
punched within  the  card  columns  specified  on  input  form  when 
decimal  point  is  required.  Alter  key -punching,  the  order  of 
these  data  cards-  should  be  checked,  ■.  . .•■■■  . . / 7.. ■'  • 


INPUT  FORM  FOR  OPTION  V 1 


CARD 

NUMBER 


VARIABLE  DESCRIPTION 


Option  number 
(no  decimal  point) 


Length  of  surrpressive  shield 
( ft . ) 

(decimal  point  required) 


V'idth  of  suppressive  shield 
( f t . ) 

(decimal  point  required) 


Height  of  supnre solve  shield 
(ft.) 

(decimal  point  required) 


Impulsive  pressure  (psi-sec) 
(decimal  point  required) 


Quasi-static  pressure  P„ 
(psi)  q 
(decimal  point  required) 


,0 


] ilf'liT  PORN  FOR  OPTION  l‘Z 
PART  A - FOR  ALL  PANEL  CONFIGURATIONS 


CARD 

COLUMNS 

VARIABLE  DESCRIPTION 

3 

- - — 

Option  number 
(no  decimal  point) 

1-10 

Length  of  supnressive  shield 
(ft.) 

(decimal  point  required) 

11-20 

Width  of  suppressive  shield 
(ft.) 

(decimal  point  required) 

F'i 

\ 

tH 

CO 

Height  of  suppressive  shield 
( ft . ) 

(decimal  point  required) 

3 

Typo  of  panel  configuration 
(no  decimal  point) 

NUMERICAL 

VALUE 


PART  B - FOR  PANEL  CONFIGURATION  //l  ONLY 


4 1-10  Cross-sectional  area  of  angles  l 

(aq-  ft-  ) 

i (decimal  point  required) 


11-20  Cross-sectional  area  of  angles  2 
( sq . ft.) 

(decimal  point  required) 


i 
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CONTINUATION  OF  INPUT  FORM  FOR  OPTION  g 2 


PART  C - FOR  PANEL  CONFIGURATION  ,'/2  ONLY 


4 

1-10 

Cross-sectional  area  of  angles 
(sq.  ft.) 

(decimal  point  required) 

4 

11-20 

Thickness  of  perforated  plates 
(ft.) 

(decimal,  point  required) 

FART  D - FOR  PANEL  CONFIGURATION  ONLY 

4 

1-10 

Venting  coefficient  per  plate 
°P 

(decimal  point  required) 

4 

11-20 

Cross-sectional  area  of 
W beam  ( sq . f t . ) 

(decimal  point  required) 

4 

21-30 

l/idth  of  VJ  beam 
( f t . ) 

(decimal  i>oint  required) 

PART  E - FOR  PANEL  CONFIGURATION  #4  ONLY 

4 

1-10 

Venting  coefficient  per  plate 
CP 

(decimal  point  required) 

4 

a a o r\ 

x i 

uBS"*&GC  blOHaj.  c) C-f 

( sq  . f t . ) 

(decimal  point  required) 

4 

21-30 

Outside  diameter  of  pipe  d„ 
(ft.)  0 
(decimal  point  required) 

INPUT  POM  FOR  OPTION  #3 


PART  A - FOR  ALL  PANEL  CONFIGURATIONS 


CARD 

NUMBER 

1 

VARIABLE  DESCRIPTION 

NUMERICAL 

VALUE 

1 

3 

Option  number 
(no  decimal  point) 

3 

2 

1-10 

Length  of  suppression  shield 
(ft.) 

(decimal  point  required) 

O 

11-20 

Width  of  suppressive  shield 
(ft.) 

(decimal  point  required) 

2 

21-30 

Height  of  suppressive  shield 
(ft.) 

(decimal  point  required) 

3 

0 
* — 1 

1 

r*H 

Impulsive  pressure  .i 
(psi-sec) 

(decimal  point  required) 

3 

, 

11-20 

1 “■  ■ 

Quasi -static  pressure  P„ 
(psi)  q 
(decimal  point  required) 

4 

1-10 

Side  on  safety  pressure  P 
(psi)  S 

(decimal  j joint  required) 

- 

4 

11-20 

Safety  distance  to  personnel  I; 
(St.) 

(decimal  point  required) 

4 

21-30 

woi  Wit  of  explosive  charge  V.’ 

(lb. ) . -C  .... 

(decimal  point  required),  ■ 

!■’ 3 (JURE  13 
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CONTINUATION  "1"  01?  INPUT  FORM  FOR  OPTION  #3 
PART  A - CONTINUED 


5 

1-10 

Height  of  primary  fragment  M_ 
(lb.) 

(decimal  point  required) 

5 

j 

11-20 

1 

1 

Velocity  of  primary  fragment 
(ft. /sec.) 

(decimal  point  required) 

PART  B - 


3 Type  of  panel  configuration 
(no  decimal  point) 

1 

FOR  PANEL  CONFIGURATION  #1  ONLY 


PART  C 


1-10 

Height  of  angles  1 
( in . ) 

(decimal  point  required) 

11-20 

Width  of  angles  1 
( in. ) 

(decimal  point  required) 

21-30 

Thickness  of  angles  i 
( in . ) 

(decimal  point  required) 

FOR  PANEL  CONFIGURATION  #2  ONLY 

1-10 

Height  of  angles 
( in . ) 

(decimal  point  required) 

11-20 

Width  of  angles 
( in . ) 

( decimal  po in t requ ir ed ) 

Thickness  of  angler. 

( in. ) 

(decimal  point  required) 


; - ,1 


J-' 


CONTI NUATIGI!  "2"  OF  INPUT  FORI/i  FOR  OPTION  ,?3 
PART  D - FOR  PANEL  CONFIGURATION  #3  ONLY 


7 

1-10 

- 

Height  of  I!  "beam 
( in . ) 

(decimal  point  required) 

7 

11-20 

Width  of  YJ  "beam 
( in . ) 

(decimal  point  required) 

7 

• 

21-30 

Thickness  of  V'  beam 
(in.) 

(decimal  point  required) 

PART  E - FOR  PANEL  CONFIGURATION  #4  ONLY 


1-10 


11-20 


21-30 


Height  of  pipe 
(in. ) 

(decimal  point  required) 


Width  of  pipe 
( in. ) 

(decimal  point  required) 


Thickness  of  pipe 
( in  • ) 

(decimal  point  required) 


FIGURE  1 
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C0HCLDS3  Oi!S 

The  design  and  cost  information  of  a suppressive 
structure  are  the  necessary  backbones  to  support  value  engi- 
neering activities  (3)-  The  design-aid  and  cost  estimate 
model  presented  in  this  report  provides  a valuable  mean  for 
obtaining  such  informations.  The  advantages  of  using  this 
model  have  been  discussed  in  previous  chapters,  however, 
suppressive  structures  are  still  under  development.  New 
ideas  and  design  concepts  are  continuously  being  generated 
by  researchers  and  designers  of  suppressive  projects. 
Therefore,  the  model  must  be  periodically  revised  according 
to  new  technology  and  developments  to  provide  up  to  date 
design  and  cost  information.  The  design-aid  model  could 
be  easily  modified  for  new  design  concepts.  Corresponding 
changes  in  the  cost  estimate  model  could  also  be  done  to 


provide  a complete  value  model. 

This  model  is  developed  only  for  cubical  suppressive 
structures.  The  model  can  be  modified  to  include  design  and 
cost  estimates  of  different  types  of  suppressive  structures. 

One  should  clearly  define  desired  objectives,  functions, 
or  purposes  that  the  suppressive  s Line  Lures  are  to  be 
accomplished  when  applying  this  model.  All  functional  ■ ..••• 
requirements  essentia]  to  the  attainment  cJ  desired  goals, 
must  then  be  identified.  Furthermore* , various  alterant .5  ves 


of  concepts  for  accomplishing  the  functions  have  to  be 


reviewed  and  enhanced. 


A cor.t-cfl eel i ve  suppressive  shield 
should  result  through  the  unc  of  this  model  and  other  value 
engineering  activitcs  outlined  in  reference  3* 


M AIN 

THIS  IS  A COMPUTER  AID  DESIGN  AND  COST  ESTIMATION  MODEL  FOR  MAIN 

CUBIC  SUPPRESS  I Vt  SHIELDING  STRUCTURES-  THREE  OPTIONS  AND  FOUR  TYPESMAIN 
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OPTION  YJMBSrR  3 - DESIGN  OF  BEAMS  AND  PL'ATES  OF  SUPPRESSIVE  SHIELOI-NC  PANELS 


OPTION  N U ,M  p E R 3 - COST  ESTIMATION  OF  SUPPRESSIVE  SHIELDING  STRUCTURE 
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APPENDIX-  B 


CATEGORY  DEFINITION  AND  ILLUSTRATIONS  OF 


SUPPRESSIVE  STRUCTURES 


Suppressive  structures  are  divided  into  seven  categories 
according  to  the  specific  hazard  parameters  present.  Table  IV 
shows  the  definition  of  these  seven  categories  and  their 
representative  operations. 

Pictures  and  blue  prints  of  suppressive  structures 
included  in  this  appendix  are  obtained  from  Edgev/ood  Arsenal, 
Aberdeen  Proving  Ground,  Maryland.  They  illustrate  two 
different  applications  of  suppressive  shielding  concept  and 
construction  details  of  suppressive  shield  components. 

Figures  1 6,  and  17  show  the  Chemical  Agent  Munition  Disposal 
Suppressive  Shield  ( CAMD)  which  was  constructed  and  tested 
at  Dugway  Proving  Ground,  Utah.  As  we  can  see,  CAMD  has  the 
four  basic  components  of  all  cubical  suppressive  shields,  i.e. 
frame,  panel,  door,  and., foundation.  Figures  18  and  19  show 
the  inside  wall  of  CAMD  after  testing.  Arrows  show'  where 
fragments  hit  the  panels. 

Figures  20  and  21  illustrates  another  type  of  suppressive 
.structure  - the  Explosive  Ordnance  Disposal  Transportable 
Suppressive  Shield  (EOD) , It  was  also  constructed  at  Bugwav 


Proving  Grouno  ana 


'l  T c V ry 


sting  was  successful.  Blue  nr Ants 


of  toot  fixture  asseubly  of  Ca 
arc  shov.-n  in  finurcs  22  and  23 
cubical  suppressive  shields  is 


tc;;ory  1 suppressive  shield 
• A typical  franc  do  si  ;n  of 
also  shown  in  figure  2 A. 


Hazard  Parameters 


Representative  Operations 


Extreme  blast  pressure 
(500-12C0  psi)* 

Severe  grafmentation 


High  blast  pressures 
(200-500  psi) 

Moderate  to  severe 
fragmentation 

High  blast  pressures 
(200-500  psi) 

Light  fragments 

Moderate  blast  pressures 
(50-200  psi) 


Melt  loading  (2500"  batch) 

Major  caliber  projectile  processing 

Bulk  loading  operations 

Mini  melt  applications  , 

High  explosives  processing 
(boosters,  bursters,  etc.) 

High  explosives  bulk  to  500  lbs. 

Munition  components,  detonators,  fuz 

Processing  of  rounds .with  limited 
bay  capacity 


Moderate  to  severe 
fragmentation 


Li.ght  blast  pressures 
(less  than  50  psi) 

Light  to  moderate 
fragmentation 


Smaller  explosives  bulk  approximate] 
200  lbs  in  conventional  cubicles 

Large  bulk  operation  (to  500  lbs) 
in  larger  process  rooms/areas 

Bulk  propellant  processing 

Bulk  pyrotechnic  processing 

Light  metal  or  plastic  HE  components 


Flame  propagation  potential 

Ultra-  high  blast  pressure 
(500-2000  psi) 

Light  to  moderate 
fragmentation 

. Moderate  blast  pressure . 
(500-200  psi) 


Limited  numbers  of  HE  rounds 

Close  in  protection  of  small 
quantities  explosive  laboratory, 
handling  and  transportation 


...  ..Chemical  munitions 


Severe  f rngmenta 1 ion 


Pyrotechnics 


ICURE  17 


1 : 


PARTI  VAT  PH' 


SHUT  » CF  2 


FIGURE  23 
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